Abstract. The separation process of lithology and fluid reservoirs is an important part of characterizing the hydrocarbon reservoir; in this case the reservoir also acts as the source rock. Reservoir characterization involved identification of both lithology and fluid content of reservoir. As field "X" reservoir has no clean formation, using acoustic impedance parameters it is hard to identify clearly. It still has a high ambiguity. In impure reservoir formation, crossplots of Acoustic Impedance (AI) and Shear Impedance (SI) could not separate the lithology as well as fluid content clearly. Poisson Impedance (PI) has been implemented to solve the problem. The AI -SI crossplot is rotated to get the lithology-fluid trend which is associated to an equation of PI (c) = AI -c*SI. The accuracy of the PI value depends on the value of c (optimization factor of rotation). Therefore, the c value was calculated through the TCCA (Target Correlation Coefficient Analysis) method. Analysis of sensitivity c parameter was performed in the well of field "X." The parameters of Zp, Zs and density are obtained from simultaneous inversion. PI models able to show clearly the separation of rock lithology as well as gas content of reservoir. Lithology impedance (LI) as a result of the PI-GR correlation is able to separate sand and shale very well. Also, from the PI-SW correlation the hydrocarbon content is very well separately identified. The hydrocarbon zone was shown to be 3150-3260 m depth.
INTRODUCTION
The separation process of lithology and fluid reservoirs is an important part of the characterization of reservoirs. 1 This would explain the physical properties of reservoir lithology and fluid content by integrating the geophysics and petrophysical data. This process is difficult to do in field "X" when using parameters of acoustic impedance, because it still has a fairly high degree of ambiguity. 2, 3 Poisson impedance (PI) has been implemented as a solution to address the problem. 4 In crossplots between Acoustic Impedance (AI) and Shear Impedance (SI), we conducted a rotation of both axes according to the trend of lithology-fluid to satisfy the equation of PI (c) = AI -c*SI. 5, 6 To improve the accuracy of PI calculation, the value of c (optimization factor of rotation) is calculated through the method of TCCA (Target Correlation Coefficient Analysis). 7, 8 Much like EEI, then do the correlation with to be predicted wells data. Analysis of the sensitivity parameter was performed on two wells in the field "X." Parameters Zp, Zs and density which were obtained from the simultaneous inversion were then transformed into PI. PI models clearly show the separation of rock lithology of the hydrocarbon reservoir. 9 Lithology impedance (LI) as a result of the PI-GR correlation is able to separate sand and shale very well.
METHODOLOGY
This study used well data and seismic data. Well data comes from one well, while the used seismic data is 3D seismic data with volume post-stack and pre-stack data. Post-stack data is only used in process well seismic tie, while the pre-stack data is used as input inversion process. This study is divided into well data processing and seismic data processing. Well data processing consists of loading/check well data, checkshot correction, PI logging and crossplot analysis, while seismic data processing consists of over loading seismic data, well seismic tie, data angle conversion stack to angle gather, simultaneous inversion and PI transformation (Poisson Impedance).
Poisson Impedance Method
Variations in amplitude with offset are routinely being incorporated into our inversion products in order to differentiate lithology and fluids for increasingly complicated exploration and production projects. Commonly derived inversion products are acoustic impedance (AI) along with shear impedance (SI) or Poisson's ratio (σ). In the AI-SI crossplot frame, we may highlight our discrimination between any two litho-fluid types by choosing a rotated axis that optimizes the desired separation. Poisson Impedance, or PI, as will be introduced, incorporates both σ information and ρ into a single display attribute which has been useful in reservoir delineation. Seismically we can determine AI and SI through inversion. An interesting relation between these two seismic attributes was shown by Quakenbush et al. 9 :
which describes a rotation of the AI-SI data to obtain litho-fluid discrimination, while the "c" term optimizes this rotation. The rotation of the data equates to a rotation of the axes which is illustrated in the schematic AI-SI crossplot in Fig. 1 . While neither AI nor SI alone completely discriminates oil sands, brine sands, and shale, a new coordinate system represented by the dotted box would completely discriminate the data groups in this example as represented by the rotated distribution plots. Since AI = ρ V P and SI = ρ VS, the simple relationship in equation 1 can be written as:
where VP is compressional velocity, VS is shear velocity, and we define Vσ = (VP -cVS). We can readily discern a linked relationship between V σ and σ. As VS increases relative to VP, both Vσ and σ are decreased. This close relationship helps determine what to call Vσ, namely Poisson velocity, because it responds to the same intrinsic rock VP/VS variations as Poisson's ratio but with velocity units. In an effort to gain a more detailed understanding of the relationship between Poisson velocity and Poisson's ratio, we can express σ as:
If we define σ and D equal to the first term on the right-hand, then:
where D scales Vσ to σ. While we assume Vσ to be essentially invariant with depth or increasing velocity (which we will explain later), we typically expect high σ values shallow with decreasing σ as depth or VP increase due to increased compaction. The D values for a typical case would also be high at shallow depths and smaller as depth and velocity are increased. If Vσ is invariant with depth or VP, as we have assumed, any apparent compaction trend in converting V σ to σ is provided for by the D scale factor. Geometric mathematics, PI is also the x and y axis rotation of Φ 9 :
The following is the x-y axis rotation transformation equation with the rotation of the matrix:
While on the new axis u-v is expressed as follows:
By looking at the form of equation (6), substituting the axis with AI-SI, then:
Then it can be seen that the value of c (factor of rotation optimization) is none other than:
TCCA (Target Coefficient Correlation Analysis)
TCCA is a tool for finding c coefficients. It is similar to the EEI angular function, where PI is used as a function of c, then the correlation with logs to be predicted. This stage is done to get the best c value obtained from the correlation between PI logs with target logs on each well. In this case the Gamma Ray Log is used to get c on Lithology Impedance and Sw Log for Fluid Impedance. From the above curve we can see the log relations of PI with the target log of each well. The value of c is taken on the basis of the maximum correlation value, for example in the PI vs. GR image shown by the blue line obtained a correlation (r) of 0.365 for PI vs GR, and -0.365 for PI vs SW. Then by drawing the downward line as the x axis, i.e., PI (c) where c is inserted into an angle 0-360°, obtained angle 53° for both, then using the form of tan equation Φ obtained value c of 1.3270, thus the rotation optimization factor used is 1.3270 for both equations of the Lithology Impedance and Fluid Impedance.
Regional Geology
This modelling is located in Tarakan Basin as shown in Fig. 5 . The basin is one of the 3 main Tertiary Basins which located in the eastern continental margin of Kalimantan (from North to South: Tarakan Basin, Kutai Basin and Barito Basin). The basin characterized by the presence of clastic sedimentary rock as its dominant, smooth to rough grain with some carbonate deposits. Physiographically, the Tarakan Basin covers the land area and partly offshore. To the North it is bordered by Tinggian Semporna which lies just north of the Indonesia-Malaysia border, to the South by the Mangkalihat Ridge which separates the Tarakan Basin from the Kutai Basin. 6 To the West of the basin covers the land area as far as 60 to 100 km from the coast to the Lost Cats, to the eastern boundary of the basin known through the continental exposure of the Sulawesi Sea. 
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RESULTS AND DISCUSSION
Well Sensitivity Analysis
Crossplot AI vs SI FIGURE 6. Crossplot AI vs SI that performs not good separation of sandstone (yellow) from shale (green). Fig. 6 above shows crossplots and cross sections between P-wave Impedance (Z P ) and S-wave Impedance (Z S ) at Muara Makapan well with Gamma Ray (GR) value as color scale. As can be seen, there is an overlap between shale
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that has a high GR value (green) with sandstone that has a low GR value (yellow). The sandstone zone is located at ZP 9700-10000 (m/s) (g/cc) and ZS at 5200-5800 (m/s) (g/cc); this value will be used as a control on the seismic inversion cross section to see the distribution of the reservoir alleged zone. The figure shows that the sandstone is not clear separated from the shale layer.
Crossplot LMR
FIGURE 7. Crossplot LMR shows the sandstone (yellow) much better separated from the shale one (green). Fig. 7 shows a crossplot between Lambda-Rho and Mu-Rho Muara Makapan wells with GR color scale better than the previous parameter. The crossplot result shows that LMR can separate shale and sand lithology, obviously much better than the AI-SI one. The two cross-sections above are ZP and Lambda-Rho inversions where the zones of interest in this research are at 2550-2650 ms in the time domain and at depth domains are in depths of 3150-3260 m. In the inverse ZP the spread of the gas fluid is well-prepared. Seen in Fig. 9 , the red-yellow color that is circled is a gas hydrocarbon, while blue and purple are lithologies. The blue color shows the shale lithology, and the highest value of the purple color indicates the sandstone lithology. In Lambda-rho of Fig. 10 , blue to purple shows high impedance, which means that the zone has a high degree of incompressibility. High incompressibility indicates that the rock contains fluid, which
Simultaneous Inversion and LMR Analysis
Gas hydrocarbon
Gas hydrocarbon means the rock contains water, but in this case the blue color is not the rock that contains water fluid, but the blue color is shale rock. This is because there is a blue color that is located above the red color. Such a condition is unlikely, because the hydrocarbon mass is less than water, so it is impossible for water to be above the hydrocarbon fluid. Next, the inverse analysis of the inversion ZS and mu-rho associated with the lithology of rocks as shown in Fig. 11 to 13 . FIGURE 11. Lithology Log (GR, Mu-Rho, dan S-Impedance).
FIGURE 12. ZS inversion analysis.
Sandstone-lithology
040004-8 The two cross-sections above are ZS and Mu-Rho which then will be compared with well data whether it is appropriate or not. Zone of interest in this study is at 2550-2650 ms. Blue to purple color indicates high impedance and mu-rho, which means that the zone has a rock stiffness or rigidity not higher than shale lithology, but has a higher density than sandstones. Coupled with stratigraphic data showing that this zone is a thick shale formation alongside thin sandstones, it is estimated that the blue zone is a clay stone.
Poisson Impedance Analysis
Lithology Impedance
The following is the result of the crossplot and inverse Poisson Impedance with the target log. As in the previous analysis it can be seen that the separation of either lithology or fluid is still overlapping, so do Poisson Impedance as shown in the Fig. 14.   FIGURE 14 . Crossplot PI vs Gamma Ray.
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Fig. 14 is a crossplot of Poisson Impedance vs. Gamma Ray called Lithology Impedance with c (1.3270) to provide a clear separation of reservoir lithology in the form of sandstone (yellow) and shale (dark green). In the previous discussion, LMR crossplot results show good separation, but there are still some overlapping points, so the result is not too clear yet. Then, a crossplot of PI-GR was performed, in which the crossplot produces a very clear separation in its lithology. This is because of its factor rotation that rotates the two lithologies beteween shale and sandstone.
14 Fluid Impedance From the crossplot, the PI vs. Sw result indicates that there is no separation between the fluid components, i.e. water, oil, and gas. In the previous section, this was shown by the negative correlation coefficient. If the correlation coefficient value is close to one, then the inter-component separation, in this case the fluid components will be more well-separated. But the value of the correlation coefficient on the obtained fluid is even further away from one; this indicates that each fluid component has a very bad correlation. The result of Poisson Impedance inversion shown in Figure 16 above shows the lithology and fluid are wellfitted. This is seen on the green-red color scale indicating a low PI value, where PI has a value that is directly proportional to AI. A low AI value indicates the presence of hydrocarbons, in this case gas, in which the value of incompressibility of the gas fluid is extremely low. Although the PI-Sw crossplot results in the previous discussion show that this parameter is not able to separate the fluid components clearly, the presence of gas that fills the pores of rocks can be analyzed by approaching the value of AI, where AI is proportional to PI. The blue-purple color scale shows the shale lithology. When a fault/fracture occurs, the gas fluid moves to fill the shale pores, resulting in a decrease in the impedance value. 15 By integrating geophysical and petrophysical data it is known that the reservoir is shale in Naintupo Formation. This reservoir is a shale formation of thin sandstone joints.
Poisson Impedance Inversion Analysis
SUMMARY
The best parameters for separating fluid are AI and SI. Poisson Impedance is a parameter which justifies the parameters LMR in separating lithology. The TCCA (Target Correlation Coefficient Analysis) method increases the accuracy of Poisson Impedance calculation value for the "X" field, in the separation of lithology between shale with sandstone in Lithology Impedance (PI-GR) obtained c equal to 1.3270. Poisson Impedance is not able to separate fluid components properly.
